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6 Major Earthquakes since the Great Hanshin 
Earthquake Kobe, 1995

Tohoku M 9 (2011)
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Lifeline Restoration 
Ratio

2011 
M 9.0 

Tohoku
Chiba, Ibaraki, 

Fukushima 
Tokyo

2011 
M 9.0 

Tohoku
Miyagi, Iwate

1995 
M 6.9 
Kobe

Electric 90% 4 days 6 days 2 days

95% 7 days 10 days 3 days

100% 7 days

Water 90% 36 days 38 days

95% 41 days 43 days

100% 81 days

City Gas 
Supply

90% 35 days 64 days

95% 36 days 71 days

100% 84 days
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Prefecture Damaged 
Sewers (km)

Total Sewer 
Length (km)

Damaged 
manholes

Iwate (Note 1) 24 3,709 248

Miyagi (Note 1) 423 9,702 11,076

Fukushima (2) 181 5,073 3,397

Ibaraki (2) 208 9,679 4,727

Chiba (2) 81 9,260 1,805

Tokyo Met. Govt (2) 27 15,793 212

Note 1. Shake + Liquefaction + Tsunami
Note 2. Shake + Liquefaction
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Why was there a long-
term water outage to 
some cities in Miyagi 

Pref?

Wholesale water 
transmission system, 

constructed 1980.

96" diameter 
(largest)
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March 11, 3:26 pm (t + 30 minutes)
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48” (1.2m) steel pipe with pulled couplings

Route 4, near Shiroshi. This pipe is in the low zone, going to 
Natori

Concrete 
encasement

Concrete 
encasement

10Thursday, August 11, 2011



Water - Sendai

• 800 km of damaged water pipe

• 2,800 people working

• 49 pump stations, all lost power

• No fuel to re-supply

• WTP: 330000 m^3, Prefecture supplies 
100000 m^3/day (86 MGD)
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April 7 2011

Sendai Hills
Cut and Fill (Roadfill Slumps)
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Emergency water supply stations in Sendai City

As of March 23 2011
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Emergency water supply, Iwaki City, Fukushima
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Urayasu City
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Asahi City - Uplifted Fire Cistern (40,000 liters)
Credit: Kuwata, 3/26/2011
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March 28 2011 Urayasu

Seismic Storage Tank
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March 26 2011 Urayusa
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Damage due to Liquefaction at the Water Treatment Plant

20Thursday, August 11, 2011



21Thursday, August 11, 2011



鹿行広域水道用水供給事業の取水棟への取り付け部の伸縮可とう管
φ600。周辺小口径管路が地盤と共に沈下したため、継手部で漏水
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March 30, 2011
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DIP 300 
mm. Joint 

Ring 
cracked. 
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Fire at Tank Yard, Sendai Port (Inundation)
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Sendai Airport Fire
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Yamada fire damaged cell base station

photo: A. Kwasinski, June 15 2011
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Fire at Tank Yard, Cosmos Refinery, Ichihara, Chiba Pref
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Iwaki

29Thursday, August 11, 2011



Tokyo Office Building Fire
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Sendai Port, 
Refinery Fire 4/2011
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DIP with 
Restrained Push-

on joint
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Facility Damaged Item
Main Shock 

M 9 
3/11/2011

After Shock
M 7.2

4/7/2011 

After Shock
M 7.0

4/11/2011 
4/12/2011

Kobe 
M 6.9 

1/15/ 1995

Thermal Plants 4 10

Hydro Plants 10 2 7 0

Substation Transformer 70 15 1 52

154 kV - 500 kV Circuit Breaker 197 15 1 10

Disconnect Switch 179 2 41

Transmission Steel Truss Tower 42 20

Line / insulator 22 5 5 3/39

underground cable 14 0 0 405

Distribution Pole 23744 7831 572 11289

Line 23550 13711 1085 7760

Transformer, Switch 7112 2288 121 5346

Note: M 9 event includes damage due to tsunami, liquefaction, shaking
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Sendai Substation
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Disconnect Switches
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275 kV Bushings
42Thursday, August 11, 2011



Failed 275 kV Live Tank Circuit Breaker

43Thursday, August 11, 2011



Failed 275 kV Surge Arrestor
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Oil Leak at Radiator
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Failures, 161 kV - 500 kV
M 9.0 3/11/11. 47 Shaking, 23 Tsunami
M 7.2 4/7/11.   15 Shaking
M 7.1 4/11/12; M 6.3 4/12/11 M 6.3. 1 Shaking
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Debris impact / Tsunami Knocks over tower
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Tower Foundation (after tower removal)

Leon Kempner, BPA
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66 kV tsunami 
inundation, with 

scour
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Inundated portable 66 kV substation
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Truck-mounted Portable 66 kV Substations (destroyed by 
Tsunami Inundation)
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Sendai Power PLant 
(Tohoku, 900 MW, 
Gas and Oil) 2002
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Ishinomaki
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平成23年（2011年）東北地方太平洋沖地震
The 2011 off the Pacific coast of Tohoku Earthquake

ライフライン被害分布

Lifeline Damage Area

Damaged sewage facilities

Inundation damage

Electric outage

Facility damage

Souce: Ministry of Land, Infrastructure,Transport and Tourism, Japan
Drawing: Earthquake Disaster Mitigation Research Group, 

            Dept. of Civil Engineering, Kobe University

Date: March 17, 2011

WWTP - 
Sewer Damage
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Minami Gamo WWTP
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Tsunami Inundation Paths
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Electric Switchgear Building
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Diesel Generator Building - OK
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Seismic Upgrades Recently Installed
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Foundation bearing failure due to tsunami
John Eidinger
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Miyagi Pref WWTP
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Sendai WWTP

81Thursday, August 11, 2011



82Thursday, August 11, 2011



83Thursday, August 11, 2011



84Thursday, August 11, 2011



85Thursday, August 11, 2011



86Thursday, August 11, 2011



87Thursday, August 11, 2011



88Thursday, August 11, 2011



89Thursday, August 11, 2011



90Thursday, August 11, 2011



91Thursday, August 11, 2011



92Thursday, August 11, 2011



93Thursday, August 11, 2011



94Thursday, August 11, 2011



Broken Pipe and Flange
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Mei Mei Wang
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Onegawa
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Two failed oil tanks, the higher one was OK
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No. 3 
783.8 KL

No. 1 
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